The objective of this study was to assess and cluster genetic variability in wheat germplasm in order to generate useful information for crop breeders. Fifty-four wheat genotypes from different origins and eras were evaluated based on the use of RAPD markers. Once genetic variability is detected among breeding materials, appropriate crosses can be done, speeding up breeding process and decreasing costs. Of 100 primers screened, 20 produced scorable bands, which generated 91 bands. The average genetic similarity value among all genotype pairs was 0.88, showing large genetic relationships in the wheat germplasm evaluated. The dendogram clustered the genotypes into nine groups and showed efficiency in identifying genetic variability .
INTRODUCTION
Classical breeding methods influence the outcome of genetic variability in breeding programs for wheat. Selection for traits increases the frequency of alleles or allelic combinations with favorable effects at the expense of other traits, many of which are eventually eliminated (Cao et al., 1998) . Moreover, the foundation germplasm for most classes of wheat reflects a limited number of ancestral genotypes, thus restricting its genetic basis (Chen et al., 1994; Autrique et al., 1996) . Consequently, methods for the identification of crop cultivars are particularly important for modern crops where morphological differences are sometimes inadequate to discriminate genotypes (Mailer et al., 1997) . Monitoring the genetic variability within the narrow pool of elite breeding material can make crop improvement more efficient by allowing for the direct accumulation of favorable alleles (Plaschke et al., 1995) . Since the choice of parents is crucial in plant breeding, the detection of genetic variability among superior breeding materials can then be used to guide the appropriate crosses (Martin et al., 1995; Martin Bohn et al., 1999) . The selection of superior parents can speed up the breeding process and decrease the amount of material that needs to be screened to carry out such experiments (Plaschke et al., 1995) .
Molecular markers provide the potential to efficiently identify genetic relatedness (Cao et al., 1999) . The random amplified polymorphic DNA (RAPD) technique has been used in many species to determine genetic variability (Lawson et al., 1994; Gunter et al., 1996; Mailer et al., 1997; Cao et al., 1999) . RAPD is fast, economical, and does not require radioactive material (Mailer et al., 1997) . However, some limitations of RAPD markers should be realised, such problems with nonreproducible and nonhomologous similar-size fragments (Karp et al., 1996; Bartish et al., 1999) . To overcome this problem, high-quality DNA has been used and PCR conditions have been optimizated (Bartish et al., 1999) . Moreover, problems with nonhomologous fragments are limited when comparisons are made within and between closely related taxa ( Bartish et al., 1999; Gallois et al., 1998; Chtourou-Ghourbel et al., 2001 ).
The objectives of this study were to determine genetic relationships of wheat germplasm, to assess genetic variability in wheat genotypes, and to provide information about genetic similarity among the genotypes that would be useful to wheat breeders.
MATERIAL AND METHODS
Fifty-four wheat genotypes from different origins and eras were evaluated based on their RAPD markers (Table 1) . DNA was isolated in bulk from the fresh leaves of 10 plants using methods described by Heun Crop Breeding and Applied Biotechnology, v. 2, n. 4, p. 499-506, 2002 (1991) and diluted in sterile water to a working concentration of 10 ng/ml .
Polymerase chain reaction and electrophoresis
The primers used in this study were decamer oligonucleotides from Operon Technologies (Table  2) . PCR was performed with a PTC-100 thermocycler (MJ Research) in a 25µl reaction volume containing 30 ng of genomic DNA, 2.5µl of 10x PCR buffer [75mM Tris HCl, 2mM MgCl 2 , 50mM KCl, 20mM (NH 4 ) 2 SO 4 , 0.001% BSA], 0.5µl of 10mM dNTP mixture, 30ng of primer, one unit of taq polymerase (GIBCO) and milliQ water. The reaction was carried out for 3 min at 94°C, followed by 45 cycles of 1 min at 94°C (denaturation), 1 min at 36°C (annealing), 2 min at 72°C (elongation) and a final stage of 7 min at 72°C. The reaction product was mixed with 2.5µl of a stop buffer solution.
The RAPD products were separated by electrophoresis using 1.6% agarose gel in 1X TBE buffer, stained with ethidium bromide, and then visualized and photographed under UV light. Sizes of amplified products were estimated by comparing with a 100 bp DNA ladder.
Selection of primers
Initially, 100 primers were screened, using DNA from 4 cultivars. The primers that resulted in bands capable of being scored were tested against the remaining genotypes. Although faint bands were produced, only bright bands were used in this study.
Data analysis
Data were scored according to the presence or absence of amplification products. Bands were scored as 0 for absent and 1 for present. The resulting data matrix was then used to generate similarity indices between the genotypes. The SIMQUAL program of NTSYSpc was used to calculate Jaccard's similarity
where,a is the number of positive matches, n is the sample size, and d is the number of negative matches. A graphic phenogram of the genetic relatedness among the 54 genotypes was produced by means of UPGMA cluster analysis. A 99% confidence interval was estimated using the normal approximation technique according BarbosaNeto et al. (1997) in order to estimate how many Crop Breeding and Applied Biotechnology, v. 2, n. 4, p. 499-506, 2002 
RESULTS
A total of 100 primers were initially evaluated, and 20 were used to generate our data matrix (Tables 2  and 3 ). A total of 91 bands were scored, of which 37 (40.7%) varied among genotypes. The maximum number of polymorphic bands per primer was 6 with primer OPF14 (Table 4) . Examples representative of polymorphic bands are shown in Figure 1 . The presence or absence of some bands were specific for genotypes (Table 5 ). Of 37 informative amplification products, 12 were informative in only one genotype.
Genetic similarity and cluster analysis
The 91 amplification products were used to calculate the genetic similarity (GS) among the 54 genotypes. The average of GS value was 0.88 for all possible pairs of genotypes and ranged from 0.68 (CEP24 and BH1146) to 1.00 (OC9511 and BR38). The confidence interval estimated for the genetic similarity value was ±0.08.
A dendrogram based on GS values grouped the genotypes into nine distinct groups using the average GS as a cut-off point (Figure 2 ). Genotype CNT10 grouped separately from all other genotypes, constituting Group 1; Group 2 and 3 consisted of CEP24 and Embrapa15 respectively; Group 4 included genotypes Las Rosas Inta and OC22; the composition of Groups 5 and 6 was highly heterogeneous, consisting of cultivars from different origins and eras; Group 7 clustered Bezostaya and BR23; Group 8 consisted of 3 cultivars from Embrapa and Group 9 clustered 3 genotypes from Mexico.
DISCUSSION
The narrowness of genetic basis in the modern improved wheat cultivars is widely accepted and demonstrated by molecular analysis (Chen et al., 1994; Martin et al., 1995; Barbosa-Neto et al., 1996; Sun et al., 1998) , studying morphological traits (SpagnolettiZeuli and Qualset, 1987; Souza and Sorrells, 1991; van Beuningen and Busch, 1997a) and estimating coefficient of parentage (Martin et al., 1991; Barbosa-Neto et al., 1996; Mercado et al., 1996; van Beuningen and Busch, 1997b; Burkhamer et al., 1998) . RAPD analysis has been used to study di-, tetra-and hexaploid wheats of several origins, and the GS values obtained range around 0.60-0.90, which agree with our data (Vierling and Nguyen, 1992; Sun et al., 1998; Fahima et al., 1999) . Molecular data frequently are highly correlated with those obtained form morphologic traits, and often poorly correlated with coefficient of parentage data. (Autrique et al, 1996; Barbosa-Neto et al., 1996) .
In the present study, an average GS value of 0.88 was detected for all pairs of genotypes. Several authors have reported a large genetic similarity in wheat (Chen et al., 1994; Martin et al., 1995; Barbosa-Neto et al., 1996; Martin Bohn et al., 1999) . The narrowness of genetic base in the modern cultivars can be demonstrated in many crops and must be related with intensive plant breeding (Chen et al., 1994) . Melchinger et al. (1994) estimated a mean GS of 0.79 for unrelated pairs of barley cultivars. The high genetic similarity within switchgrass ecotypes was demonstrated by average similarity value of 81.4%, showing the lack of variability in switchgrass populations (Gunter et al., 1996) .
Of 100 primers tested, only 20 yielded amplified fragments that could be scored. Joshi and Nguyen (1993) obtained 27.5% of primers that produced faint bands in tetraploid wheat. Fahima et al. (1999) , studying RAPD polymorphism in Triticum dicoccoides, reported that the RAPD primers amplified between 5 and 15 bands per genotype, however only 5-6 of them could be scored. Problems with reproducibility of RAPD can be solved optimizing running conditions, screening primers, and discarding primers that generate inconsistent banding patterns. In addition, only strongly reproducible bands should be used in the analysis, while variable faint Crop Breeding and Applied Biotechnology, v. 2, n. 4, p. 499-506, 2002 bands must be excluded (Chowdari et al., 1998) .
In this study 40.7% of polymorphic bands were found. Vierling and Nguyen (1992) reported that 40% of fragments of cultivated diploid wheat genotypes were polymorphic. According to Lawson et al. (1994) , 84.2% of the total number of amplified fragments in sunflower were polymorphic. This indicates that the genetic basis of cultivated sunflower is wide and molecular markers are powerful tools for the detection of polymorphisms between varieties.
The genotype-specific fragments detected in this study can be useful in fingerprinting the varieties. The RAPD-based analysis may enhance the efficiency of searching for genotypes with unique variants from germplasm collections (Menkir et al., 1997) .
The results obtained in the present study indicate the efficiency of RAPD for grouping genotypes. However, the high genetic relationship of cultivars resulted in clusters of heterogeneous groups (e.g. Groups 5 and 6) with genotypes having different origins and eras. Moreover, the molecular markers used had unknown distribution in the genome, which could have caused random concentrations in certain areas, at the expenses of others. The small confidence intervals indicate that the experimental estimates had a satisfactory level of precision.
CONCLUSIONS
The wheat genotypes evaluated had a high degree of genetic relationship considering the RAPD markers amplified. 
RESUMO

